Sexually transmitted infections (STI) can have major consequences for the reproductive health of women. Mycoplasma genitalium is a STI that is not as well studied but causes Chlamydia trachomatis, notorious for its capability to cause infertility. Both C. trachomatis 
INTRODUCTION
Sexually transmitted infections such as Mycoplasma genitalium and Chlamydia trachomatis are infections that are transmitted through sexual contact. When these bacteria try to invade the genital tract it will encounter a microbiome, which in women is the vaginal microbiome.
The vaginal microbiome can be seen as a complementary part to our immune system that consists of bacteria. Humans and their microbiome live in a mutualistic relationship: the pathogens(1). The typical healthy vaginal microbiome is dominated by Lactobacillus spp. (1) (2) (3) (4) (5) (6) (7) .
Different studies show that certain strains of the Lactobacillus spp. protect the host better against the colonisation of exogenous microorganisms than other strains Lactobacillus (1, 3, 8, 9) . The Lactobacilli defend the host by producing a wide variety of antibacterial produces, such as creation of an acidic environment by producing lactic acid (1, 3) . These characteristics play a role in the barrier function of the microbiome.
The microbiome has a close interaction with the host. Not only is the host immune system -through the epithelial layer. For example, the female sex hormones stimulate the immune system by triggering the epithelial cells to produce cytokines such as . This also applies to the production of antibacterial products and even the transport of immunoglobulins into the lumen (10) . In short, the epithelial layer and the hormonal cycle strongly contribute to the host immune response, tying them to the susceptibility to diseases.
Susceptibility to various vaginal pathogens that invade the vagina forms a potential health
risk. An important risk factor for infection by pathogens is the weakened barrier function of the vaginal microbiome. An example of this weakened barrier is when there is a dysbiosis as is the case with bacterial vaginosis (BV) (8) . In BV the composition of the vaginal microbiome shifts from the dominant Lactobacillus spp. to a more diverse microbiome. Characteristic for BV is the rise in pH resulting in a more neutral pH environment (4) . Studies showed that women that have BV are more prone to STIs such as C. trachomatis and M. genitalium infections (11) (12) (13) . Pathogens like C. trachomatis and M. genitalium may utilise the failing defences 4 90 CHAPTER 4 to invade(3). There are various factors that play a role in the development of BV. Douching (extensive washing and rinsing of the vagina) for example has a big impact on the microbiis also seen in women with a normal Lactobacillus spp. dominated microbiome is currently unclear. Continuous condom use on the other hand protects against BV and other invading pathogens such as Mycoplasma species, however no lower incidence was seen in urogenital C. trachomatis infections (15) . Overall this suggest that there may be an overlap in prevention of STIs and prevention of BV development.
C. trachomatis is a STI notorious for late complications like infertility(16). Other clinical consequences of C. trachomatis infections are PID and cervicitis (17) . C. trachomatis has a characteristic infection process that consists of an infective form and a non-infective form, the latter of which is obligatory intracellular. The infectious form is known as elementary body (EB) that binds to the host cell and invades the cell (18) . The EB resides in an inclusion in the cell, wherein the EB further differentiates. These inclusions are membrane bound vacuoles that help the bacteria to escape phago-lysosomal fusion. The EB differentiate into reticulate bodies(RB) that multiply various times, after which the RB can differentiate back to EBs. These EBs are released though lysis of the host cell and the cycle starts again (1, 8, 19) . Important to note is that C. trachomatis is dependent on tryptophan for its growth. However, C. trachomatis is unable to synthesise tryptophan and utilises the environment for its tryptophan metabolism.
If C. trachomatis resides in an environment that is tryptophan poor, it will differentiate into a persistent aberrant form which is not infectious (19) .
A lesser known STI is M. genitalium, which poses a serious health risk because of clinical consequences like PID, cervicitis, and possible infertility (4, 6, 16) . M. genitalium can also cause pregnancy complications such as preterm delivery and premature rupture of membranes (6, 20) . Characteristic of M. genitalium is that it is a facultative anaerobe bacterium and lacks a cell wall. Interestingly, some studies associate M. genitalium with healthy individuals while other studies associate M. genitalium with BV or preterm delivery (2, 21) . This leads to the hypothesis that the pathogenesis of Mycoplasma spp. is dependent on co-infection and/ or the composition of the microbiome. Other species of Mycoplasma have been studied more extensively, certain characteristics also apply to the pathogenesis of M. genitalium (22) .
Because of the limited information there is on M. genitalium, we will use data that is available from other species Mycoplasma in this review. genitalium (23) . This study concluded that for M. genitalium not enough studies were published that could be used for a meta-analyses. The aim of this study is to reveal the gaps of knowledge to provide guidance to future researchers with an interest in this topic. Interestingly, Tamerelle et al.(2018) showed that there is an association between vaginal microbiota with low Lactobacillus spp. and susceptibility for C. trachomatis infection (23) . In the current study we outline the possible pathogenesis for this phenomena. 
MATERIALS AND METHODS
The search terms used for this review are summarized in Table 1 The inclusion and exclusion criteria used are stated in Table 2 . The articles did not have to meet all the inclusion criteria to be included. Adult women and the vaginal microbiome are required for inclusion. Furthermore, the articles were manually curated to fall in the scope of this paper. trachomatis unless no similar in vivo study was available. Table 2 : Inclusion and exclusion criteria used for the inclusion and exclusions of articles.
Inclusion Exclusion
Adult woman (of reproductive age) Animal studies
In vitro M. genitalium Assessments of diagnostic methods

In vivo C. trachomatis Genetic test analyses
In vivo M. genitalium In vitro C. trachomatis
Vaginal microbiome Reviews
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RESULTS
The vaginal microbiome composition and its differences
Every woman is unique and so is every vaginal microbiome. There are a number of factors that cause differences between vaginal microbiomes. There are big differences between microbiomes in women of different ethnicities (30 (34) . Finally, it is clear that pregnancy impacts the microbiome (37) . The microbiome does not undergo major composition changes during pregnancy compared to non-pregnant women. The microbiome of pregnant women is more stable and more often Lactobacillus spp. dominant than that of non-pregnant women (38) .
In general it seems that the microbiome is not static, but rather a dynamic system that many more factors.
it can also get out of balance and form a more permanent dysbiosis such as BV. BV is characterised by a diverse non-Lactobacillus dominated microbiome that is colonised by G. vaginalis (4) . There are noticeable differences in vaginal microbiome composition between women with BV. M. hominis was associated with BV in European women in general(31), Belgian(2), and Greenlandish(39) women, while there was no clear correlation found in African women (31) . L. iners shows a greater presence than L.
crispatus in BV but neither were dominant. This was also seen in African sex workers(9).
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CHAPTER 4
Interestingly, M. hominis is one of the bacteria that are associated with BV but that also can occur in seemingly healthy women (31, 35) . This shows that bacteria that are BV associated can be present in healthy women as well. BV is not static, but rather a dynamic process. An important factor to consider in the interaction between host and microbiota is the TNFA disturbed microbiome, Nugent score >7, and could cause preterm birth(56). This is relevant for C. trachomatis C.
trachomatis infections (57) . The exact role of BV in C. trachomatis infection and its interaction with the immune system is still unclear but it is interesting to further investigate how this
As explained earlier the relationship between the sex hormone estrogen and the vaginal Lactobacilli.
Lactobacillus spp.
When looking at COCP use during a C. trachomatis et al. (2015) suggest that this could be due to the explanation could be that the hormones that are used in the hormonal contraception are synthetic and not the natural occurring hormones and therefore could trigger a reaction.
Immunological reaction to Mycoplasma genitalium and the interaction with the microbiome
M. genitalium is, like C. trachomatis, an intracellular bacterium. Important for the survival of M. genitalium is the ability to adhere to the host cell and to invade the cell. M. genitalium uses MgPa adhesins for this process (58, 59 for C. trachomatis and M. genitalium, which would be one explanation for the previously described co-infections (24) .
an important role in the infection process of bacteria. We found a common consensus that both C. trachomatis and M. genitalium thrive in a microbiome with less Lactobacillus spp. 
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